The relative contribution of insulin secretion and sensitivity in the development of Type 2 diabetes mellitus (T2DM) vary from population to population due to the heterogeneous nature of the disease. The study was undertaken to evaluate insulin secretory capacity and sensitivity in a Bangladeshi Type 2 diabetic population and to explore the association of some of the anthropometric and biochemical factors known to modulate B-cell function and insulin action. Methods: Ninety one T2DM subjects and 32 age-matched controls were studied for their fasting plasma glucose (FPG), lipids, HbA 1c (by HPLC), leptin and C-peptide (ELISA). Insulin secretion (HOMA B) and insulin sensitivity (HOMA S) were calculated by homeostasis model assessment (HOMA). Results: Both insulin secretion and sensitivity were significantly reduced in diabetic as compared to control (HOMA B%, geometric mean±SD, 35.65±1.75 vs. 96.29±1.50, p<0.001; HOMA S%, 68.66±1.71 vs. 104.951.63, p<0.001). However, B-cell dysfunction was predominant than insulin resistance in predicting T2DM as the discriminate function coefficient for HOMA B (1.098) was greater than that for HOMA S (0.821). In T2DM, HOMA B had positive correlation with BMI (r=0.368, p<0.001) and HOMA S was inversely correlated to BMI (r=-0.261, p<0.01), WHR (r=-0.258, p<0.01) and plasma TG (r=-0.233, p<0.001). On multiple regression analysis HOMA B and HOMA S were found to be inversely associated to FPG (p<0.001) and leptin (p<0.05) in T2DM.
Introduction
resistance in the etiopathogenesis of T2DM are reported to vary substantially from population to population 3 . Bengalis form a major racial group with around 207 million population worldwide and they constitute about 3.4% of the world population 4 . There is no large scale study regarding the prevalence of diabetes in this population, but sporadic works suggest that the ype 2 diabetes mellitus (T2DM) is a heterogeneous disorder caused by defects in insulin secretion and action 1 . Both genetic and environmental factors influence B-cell function and tissue insulin sensitivity 2 . Due to heterogeneity known to exist for both of these two factors the relative contribution of insulin secretory dysfunction and insulin J Bangladesh Soc Physiol. 2008 Dec;(3): 1-7
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Leptin and type 2 diabetes prevalence is almost similar to those reported for South-East Asian population 5 .
It seems that a lean phenotype of T2DM in adults found in the Indian subcontinent may be distinct from the more characteristic forms of T2DM found among the Caucasians 1 . In a study among Bangladeshi population, young (mean age 25 years) and nonobese (mean BMI 19.0 kg/m 2 ) T2DM subjects showed substantially reduced insulin secretory capacity with no evidence of insulin resistance in comparison to age-and BMImatched control subjects 6 . In another study, newly diagnosed obese (age range 33-47 years, mean BMI 30.2 kg/m 2 ) T2DM patients showed both insulin secretory dysfunction and loss of insulin sensitivity with the percentage fall of the former being more than the latter 7 . None of the studies, however, addressed the confounding factors (other than BMI) which may potentially affect B-cell function and insulin sensitivity.
In the above context, the present study was designed to evaluate insulin secretion and sensitivity among T2DM of Bangladeshi population with different ranges of BMI as well as to explore the association of some of the anthropometric and biochemical factors known to modulate B-cell function and insulin sensitivity.
Methods
Ninety one (91) newly diagnosed T2DM patients from both sexes, aged between 30-50 years, were selected according to WHO criteria 1 . They were recruited consecutively from those attending the outpatient department of the central hospital (BIRDEM) of the Diabetic Association of Bangladesh (DAB) with a BMI of >18.5 kg/m 2 . Thirty two (32) age-matched healthy subjects with a BMI of >18.5 kg/m 2 were included as control. The study was approved by the Ethical Review Committee of DAB. Subjects were evaluated by clinical and biochemical examination. Anthropometric measurements included height, weight, waist and hip girth. The degree of adiposity was estimated by calculating the BMI and waist hip ratio (WHR). A BMI of 18.5-24.99, 25.0-29.99 and 30.0-39.99 kg/m 2 were used to grade the subjects as normal weight, over weight and obese respectively 8 .
Laboratory analysis was done with fasting venous blood. HbA 1c was measured on the same day by a dedicated HPLC method (BioRad, USA). Plasma was preserved at -70°C for future measurements. The fasting plasma glucose (FPG) and lipids (total cholesterol, HDL-C and TG) were analyzed by enzymatic-colorimetric methods (Randox, UK). Plasma LDL-C level was estimated by the Friedewald's formula. Circulating C-peptide was assayed by chemiluminescence-based ELISA (DPC, USA). Plasma leptin was measured by the enzymeamplified sensitivity immunoassay (EASIA) method with a commercial EASIA kit (Biosource, Belgium). Intra-assay and inter-assay coefficient of variation for leptin assay were 6.47 % and 3.18 % respectively.
Insulin secretory capacity (HOMA B%) and insulin sensitivity (HOMA S%) were calculated from FPG (mmol/l) and C-peptide (nmol/ml) values by homeostasis model assessment (HOMA) using HOMA-CIGMA software 9 .
Statistical analysis was performed with the SPSS software for Windows version 10.0 (SPSS, Inc, Chicago IL, USA). The data were expressed as the mean±SD and/or geometric mean±SD as indicated. In case of data which were nonnormally distributed (TG, HOMA B, HOMA S and leptin) log-transformation was done and then used for subsequent statistical analyses; the results were back-transformed to produce geometric means. Differences between group means were compared by unpaired t test. Discriminate function analysis was performed to determine the relative contribution of HOMA B and HOMA S in T2DM. Bivariate correlations among parameters were examined using Pearson's correlation coefficients. Multiple regression was performed to determine the association between the dependent and independent variables of interest after adjusting for other potentially confounding independent variables.
Results
There was no significant difference in age between control and diabetic groups (37.3±7.4 vs. 40.1±5.8 years). BMI (Kg/m 2 ) differed significantly between the two groups (23.3±2.5 in control vs. 26.5±3.8 in diabetic, p<0.001). The WHR was 0.88±0.06 in control and 0.93±0.07 in diabetic subjects, suggesting significantly higher central body fat distribution in the diabetic (p<0.001). Mean blood pressure (MBP) was significantly higher in diabetic as compared to control (92.3±8.7 vs. 86.7±8.1 mm Hg, p<0.001).
Diabetic subjects had significantly higher plasma total cholesterol and TG levels than control. Plasma HDL-C was significantly lower in diabetic as compared to control (Table I) . A strong inverse association of glucose (p<0.001) and positive association of C-peptide (p<0.001) with HOMA B were observed in both control and diabetic groups. HOMA B was inversely related to leptin in total diabetic as well as normal weight diabetic (p<0.05) (Table III) .
HOMA S was inversely related with glucose (p<0.001) and C-peptide (p<0.001) in both control and diabetic groups. There was no significant association of HOMA S with leptin in control; however, in the obese group they were inversely associated with each other (p<0.05) ( Table-IV) . 
Discussion
It is evident in the present study that both insulin secretion and sensitivity are significantly reduced in Bangladeshi diabetic subjects and the data are in line with the findings of the previous study conducted in the same population 7 . The discriminate function analysis indicates that Bcell dysfunction may contribute more to the development of T2DM in contrast to loss of insulin sensitivity. This observation is not consistent with those of western population where impaired insulin action is thought to be the predominant defect in T2DM 2, 10 . Ethnic variation is the most probable reason for this difference and this further demonstrates the genetic heterogeneity in diabetes.
BMI seems to be a major determinant of insulin secretion in Bangladeshi subjects. In nondiabetic controls (who were selected from a normal BMI range) B-cell function was not affected by BMI as reported in non obese healthy subjects of a Mexican population 11 . In a Bangladeshi population non obese diabetic subjects (BMI of < 25 kg/m 2 ) did not show any hypersecretion of insulin 6 ; but, Type 2 diabetic subjects with BMI of > 24.99 kg/m 2 showed hyperinsulinemia in the present study. Hyperinsulinemia has been reported also in obese non diabetic Caucasian 12 . These observations reemphasize the importance of body weight in the regulation of peripheral insulin levels and it becomes more and more important in higher degrees of BMI. Hyperinsulinemia is necessary to compensate tissue resistance to the hormone secondary to obesity 10 .
Hyperglycemia (even in a moderate range) appears to be a very sensitive determinant of insulin secretion in T2DM (Table III) . In contrast to non diabetic subjects where insulin secretion is linearly related to peripheral glucose, hyperglycemia over a threshold level has a suppressing effect in T2DM (Table III) 13 . The primary metabolic variable glucose, is itself injurious in patients with T2DM. This deleterious effect is often referred to as "glucose toxicity" or "glucose desensitization" 14 . The negative impact of glucose has been clearly shown when plasma glucose concentrations reach the range associated with diabetes 13 .. Diabetic patients with poor glycemic control for a long period show suppressed insulin secretion due to glucotoxicity 15 .
An inverse association between circulating concentrations of leptin and B-cell function is evident in both male and female T2DM patients. Suppression of insulin secretion by leptin is probably caused by hyper polarization of B-cells resulting from activation of ATP sensitive K + channels 16 or by reducing the activity of the Ca 2+ -dependent protein kinas C (PKC) signal transduction mechanism 17 .
It is interesting to observe that even within a range of normal body weight both BMI and WHR (representing general and central obesity respectively) are important determinants of insulin sensitivity in Bangladeshi diabetic population. Striking association of insulin resistance with central obesity has been demonstrated previously in South Asian men and women 18 . Central obesity is associated with failure of insulin to suppress release of nonesterified fatty acids from intra-abdominal fat cells; this failure would lead to increased hepatic synthesis of VLDL triglycerides 19 . The inverse relationship of fasting plasma TG concentrations with insulin sensitivity evident in this study supports the hypothesis.
In the present study plasma glucose is inversely associated with insulin sensitivity in diabetic subjects, a phenomenon which is probably related to hexosamine accumulation in muscle and fat tissue which, in turn, inhibits glucose transport across the cell membrane 20 Article cycle that begets more insulin resistance and poorer beta-cell function 13 .
The present data demonstrate that insulin resistance is affected by leptin only in obese T2DM subjects, not in the lean ones. This is in contrast to the observation of Segal et al (1996) who found an independent inverse association between them both in lean and obese 21 . It has been demonstrated that leptin decreases insulin sensitivity and reduces insulin-stimulated glucose uptake in rat adipocytes 22 . Leptin antagonizes insulin signaling, by decreasing insulin-induced tyrosine phosphorylation of insulin receptor substrate-1 (IRS-1) 23 ; increases phosphoenol pyruvate carboxykinase (PEPCK) and decreases glucokinase expression, leading to increased gluconeogenesis 24 . Raised plasma leptin levels in obese subjects and animals implicate an etiological link between leptin expression and insulin resistance, a state that is usually associated with obesity 22 .
In conclusion, the present data suggest that both insulin secretory dysfunction and insulin resistance are present in Bangladeshi Type 2 diabetic subjects, but former seems to be more pronounced than the latter. BMI, plasma glucose, insulin and leptin are among the most important determinants of insulin secretory capacity, and generalized as well as central obesity, plasma glucose, triglycerides, insulin and leptin are among the major determinants of insulin sensitivity in Bangladeshi population.
